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1. INTRODUCTION

Nondestructive testing (NDT) of wirebridge electroexplosive devices
(EEDs) may seem a self-contradictory statement. EEDs are designed to
work once; and in the process of working, they are destroyed. For
nearly 25 years researchers have been unable to accept the existing
quality assurance methods: on-line microscopic inspection, x-rays, N-
rays and the other then-existent methods as the final word. An
electrical-thermal feed-back from most wirebridged detonators express
thermal conditions of the complete electroexplosive system. For this
reason, it is one of the most sensitive tests of the electrical/
explosive system that exists.

Further investigation seemed warranted by ARRADCOM, Dover, into the
potential of this electrothermal test method for applications in product
assurance in the production stages of EEDs. Success in this effort would
permit questionable items to be detected and eliminated before their
installation in critical weapon systems where the cost of failure is much

higher in terms of lives and property.

Effort was concentrated on the measuring system, its safety and

usefulness, and on electrical fuses (10383-30) and detonators (PA506 and
M100).

This work was accomplished using commercially available equipment. The
general approach was to seek the meaningfulness of the nondestructive test and

its applicability to testing of electroexplosive devices.

Our findings are clear in some areas. The test is of great value for
finding defects in wire bridged fuses, detonators, and probably in other
EEDs. There are limitations, and there will need to be compromises in making
measurements. Signal-to-noise levels are improved by using higher currents;
but higher currents tend to reach into the range where some detonators are
going to fire during nominal nondestructive tests. The effects of this
problem can probably be circumvented by using proper safety precautions.
Proper shielding of measuring stations to prevent explosive propagation will

probably be necessary. Bridge wire materials with small thermal coefficients

HHUG Franklin Research Center
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of resistance (o ) are prone to provide little feedback and are therefore not
amenable to electrothermal testing, except to detect certain defects in

construction.

Overall, the system is useful enough to warrant some special choices of
bridge wire material to make this kind of quality test possible; it is that

important.

Application of this nondestructive test (NDT) to EEDs in the production
stage is realizable. The systém lends itself well to automatic methods with
some study and design, The system can most probably be adapted to production

lines where in-line inspection can be accomplished.

HUUﬁ Franklin Research Center
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2. HISTORY AND THEORY

2.1 GENERAL HISTORY

Electric detonators were used as early as the Civil War. They were wired
into cannon balls containing explosives. The ball was fired as usual, but a
long trailing wire allowed an observer to fire the bursting charge in the

cannon ball by touching the leads to a battery at an opportune time.

Today, one of the real advantages to EEDs, is that they serve to link the
brains to the brawn, electronic computer controls to high explosives, thereby

making most efficient use of explosive systems.

Not much improvement in EEDs was experienced until proximity fuzes were
introduced in World War II. This was the first need for a link between an
electronic device and a detonator. The need was critical and it is likely
that great care was taken in product assurance on the electric detonator.
This need exists even more critically today when so much hinges on the
effectiveness of our weapons, when success depends upon having quality in

electroexplosive devices.

Electrothermal testing of EEDs is not a new development. The Franklin
Institute started investigating resistance changes in EEDs during the
application of constant current pulses and characterized the change in
resistance as a function of time and of current input in the 1950's. These
findings were coupled with circuit theory to examine the aspect of non-linear
responses of the resistance of detonators as part of a firing cirucit.[1l]
Further examination of EED responses to transient pulses was made and reported
by the Navy.[2] This work dealt with the dynamic resistance of EEDs duriﬁg

pulse application.

NDT measurements were made by a method developed at FRC under the
sponsorship of Picatinny Arsenal. FRC investigation involved the relationship

between nondestructive measurements and the firing sensitivity of

[1] Please refer to list of references at the end of this report.

2-1
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electroexplosive devices (FEDs). [3] This research reached the point where it
was applied to many EEDs with the expectation that some degree of correlation
would be found between the constant current firing sensitivity and the

electrothermal parameters that could be measured without degrading the EED.

The parameters that were measured were RO (initial resistance) and g5 RA P
(power sensitivity), where the latter is defined as the change in bridgewire
resistance for a corresponding increase in input power. We found that a
predictable inverse relationship exists between the product ROA~RA~P and the
current required to fire most EEDs. The current necessary to fire a wire
bridge EED could often be estimated, on a relative basis, by measuring only
R ; but a higher degree of correlation could be had by using the product
&aA R/A P instead of RO was that the former was able to detect abnormal

thermal environments around the bridgewire such as the absence of the spot

charge.

To classify a test as nondestructive, one must be able to make all
measurements without altering or degrading the normal firing sensitivity of
the tesf item. Past experience with several EEDs indicated that there were
usually no changes in the normal firing sensitivity caused by measuring Ro
or AR/AP by the following procedure. Both R, andAR/AP are measured with a
resistance bridge circuit shown in Figure 2-1, where X represents the device
being tested, and the series resistors at A or B limit the current through the

detonator to 1 milliampere. When the bridge is balanced, RO is recorded.

The bridge is then unbalanced by increasing Rl by a known amount (this is
AR) and the current is increased to bring the bridge back into balance. The
voltage drop across the detonator, gue to this increased current, is measured
and the power is computed, P = ﬁ;;‘aﬁ . The change in power (AP) necessary
to balance the circuit is actually the power necessary to balance the bridge
for a known R minus the power necessary to measure RO. The power needed to

measure R, is so small it is always neglected in these calculations.

The relationship which was found between RO and the constant current
sensitivity is given approximately by
Cons. Cur. Sens. = k; S k.,
AR/ OP

where kl and k2 are constants,

”U[]ﬁ Franklin Research Center
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Figure 2-1 Circuit for RO and AR/AP Measurements
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The method of testing was manual and relatively slow, but the accuracy
proved to be very good. It was used in nondestructively examining a lot of
T77 detonators. [4] Results gave predictable current for firing on each

individual detonator that was accurate within about 1%.

Based upon nondestructive tests, predictions were made on an individual
detonator basis as to whether a particular detonator would fire when exposed
to a current of 74 mA for 10 seconds. Of 30 predictions made in this fashion,

results of the predictions were 100% correct.

This work was expanded and summarized for portions of the space

program. [5]

More recently, other researchers have looked into the meanings of
various faults by intentionally creating problems within electroexplosive
devices. [6] Subsequent electrothermal studies were made to determine to what

degree construction and material faults were detectable.

A different ignition mix from the normal was loaded into 20 EEDs. All
proved to deviate from the mean, and 4 of the 10 were off more than the 3
sigma limits set by a lot evaluation of the normal device. Solvent
contamination was detectable in some cases, not in others. High and low
welding currents were used to prepare 10 improperly welded bridgewires. These
appeared out of specifications according to thermal testing in six instances,
five of which were also out of resistance specifications. One of these,
however, appeared normal in resistance but abnormal in thermal testing. Cuts
and nicks were made in five bridgewires at 20 to 30% penetration by removal of
materials. One was cut through to 70% and the remaining four were flattened.
All d.c. resistances were normal. Abnormal thermal tests were experienced on
the wire cut through 70% and on bridgewires that were flattened for 80% of
their length. Loading pressure was incrementally increased as thermograms
were made on 10 items. All 10 items showed abnormal thermograms at 2000 and
5000 psi loading pressures. At 10,000 psi, 9 of the 10 showed abnormal
thermograms; at 15,000, 4 of 20 and at 18,000 and 20,000 psi all were normal.

This short historical summary, admittedly incomplete, indicates the state
of the art when the work reported here began. No one, to the best of our

knowledge, has done large-lot testing on electroexplosive devices with the

gL
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expressed purpose of relating electrothermal tests to different types of

electric detonators.

Instruments were available to test electric detonators at the onset of
this program.* The decision was made to purchase the instrument rather than

to build onmne.

2.2 THEORY

The theory of electrothermal testing is a simple one. Success of the
test depends upon sensing the change in resistance of the wire bridge
element. The resistance change is the result of heat input that is supplied
electrically and also the result of heat losses that occur because of heat
conduction or convection from the bridge wire. Hence, the bridge wire or
convection from the bridge wire surrounding the primary charge, has a large
effect. Rosenthal [7] has derived an equation representing the electrothermal

parameters of a bridgewire system as follows:

do _ L2
Cp aE 0 Miei= P(t) =1 Ro(l +a8) (1)

C, — heat capacity of the bridgewire-explosive system
- temperature rise

- time

heat loss

= excitation current

— initial resistance

temperature coefficient of resistance of the bridgewire

e

R W H< o O
i

Application of this equation is accomplished via a thermogram represented
by Figure 2-2. This thermogram occurs as the result of the application of a
constant current pulse. Certain measurements are indicated on this figure
that are pertinent to calculation of the electrothermal parameters. From

these measurements, the following parameters are derived:

*As, for example, from Pasadena Scientific Industries, 495 South Arroyo
Parkway, Pasadena, CA 91105.
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Temperature rise ( © ) is computed from

AV

Thermal conductance ( Y) from

a.Roz I3
Y= 3
vy, (3)
Thermal capacitance (CP ) from
a R C 13
o
S
and Thermal time constant () from
t
(5)

0.69
One major purpose of the work described in this report relates these
measured parameters to the quality of electroexplosive devices, thereby

permitting their nondestructive evaluation.
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3. TEST METHODS AND EQUIPMENT

3.1 GENERAL -

Thermal transient testing of electroexplosive devices is a fairly
straightforward process. It requires a bridge circuit which can null out the
initial resistance of the explosive device, a constant-current pulse
generator, and a detector to monitor bridge imbalance in response to the
device's resistance change. 1In the past it was common practice to monitor
bridge imbalance with an oscilloscope and to characterize the wave shape by
measuring the curve on an oscillograph. 1If, however, you wish to test a large
number of devices rapidly and obtain the results immediately then this method
will not serve. We have attempted, therefore, to develop an improved method
of acquiring and analyzing thermal transient data with a view to eventual
refinement into a fully automated system. The general system block diagram is

shown in Figure 3-1.

3.2 TEST EQUIPMENT
3.2.1 Thermal Transient Test Set

Thg thermal transient tester is manufactured by Pasadena Scientific
Instruments and the unit we are using is a Model 605B. The test set contains
a bridge circuit which is adjusted to null out the initial resistance of the
device being tested. At null, this initial resistance can be read from a pair
of dials on the test set. Current for testing and nulling is provided by an
adjustable constant-current pulse generator. Pulse amplitude can be varied
from 10 mA to 3000 mA and pulse duration from 15 ms to 70 ms. Nulling is done
with a repetitive 10 mA pulse having the same duration as the test pulse.
Qutput from the test set is the imbalance voltage across the resistance
bridge. This is proportional to the voltage change across the test device.
The tester also provides a trigger pulse which leads the test pulse by about

5 ms.

3-1
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3.2.2 Digital Oscilloscope With Recorder

The oscilloscope used to monitor the output of the test set is a Nicolet
Explorer III Model 2090-II1 with a Model 206 front end plug-in. (Nicolet
Instrument Corporation) This oscilloscope is capable of digitizing 4096 data
points at rates up to 500 ns per point. On its most sensitive range the
oscilloscope will digitize in steps of 50 microvolts. A mini floppy disk
recorder allows the digitized waveforms to be saved either at full resolution
or at reduced resolution with increased disk capacity. Finally, the scope is
equipped with a Model NIC-2081 interface (IEEE Standard 488-1975) which

permits it to be used in conjunction with compatible instrumentation.

3.2.3 Control Computer

The control computer is an HP 9825A Desktop Computer manufactured by
Hewlett-Packard Company. This computer interfaces the Nicolet oscilloscope
via the HP 98034A Interface Card (IEEE Standard 488-1979) and can control the
oscilloscope and acquire data from the scope's memory. The 9825A can record
data on magnetic tape and it can also communicate with our mainframe computer,
a Digital Equipment Corporation DEC-20, by means of an HP 98063A Serial I/0
Interface (RS 232C).

3.3 TEST METHODS
3.3.1 General

The method used to conduct the thermal transient tests evolved
considerably during the course of this program. As we acquired sufficient
data on a given test item we were able to better define its limits of response
and could, therefore, focus our testing within these limits. Conversely, when
testing less responsive devices, it was necessary to treat the data somewhat
differently. Also, as testing progressed we became more familiar with
capabilities and limitations of our instrumentation and were able to improve

our procedures accordingly.

ﬂﬂﬂﬁ Franklin Research Center
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3.3.2 Thermal Response Curve Analysis

Once certain characteristics of the thermal transient response curve have
been determined it is possibleto define the electrothermal properties of the
test item. The characteristics of interest are the maximum voltage, the
initial slope, and thermal time constant. To define these parameters requires
the definition of only two points on the curve: the start of the curve, Vo,

and the maximum, Vp, 4.

Figure 3-2 shows a hypothetical digitized waveform. There is usually a
spike, as shown, at the beginning of the applied pulse. This presents some
difficulty in determining thelocation of Vo. We have tried to insure that
V0 is the start of the thermal portion of the curve and not part of the
switching transient. Initially, we selected the first data point after the
minimum as Vo and this seemed to work fairly well as long as the items being
tested had a large thermal reponse. All of the SCD 10383 fuses were tested

with V, set at this point. V., does not usually present any difficulties.

In its first version the curve analysis program requires that operator
specify the loctions of Vo and Vmax' This was done by moving the scope
cursor to the desired point and then resetting the scope. All of the SCD
10383 tests and the Series I detonator tests were conducted using this
method. The test method and the analysis program were then changed to further
automate the test procedure. In the second method the first 1000 data points
are read into the computer. Experience has shown that this is sufficient for
the curve to have reached equilibrium. The computer then determines the
minimum and maximum values which it has organized. The maximum value is
Vmax’ the minimum value checked against several subsequent values to
determine if it is the beginning of the uniform portion of the curve. If it
is not, Vmin is incremented to Vmin + 1 and the check repeated. When a
v p T 0 is reached which satisfies the requirements that point is

ni
designated as V,.

Dﬁﬂﬁ Franklin Research Center
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With V0 and VmaX defined, we start at V0 and check the voltage at
each subsequent point V_ until we find V_ = (V - V))/2. 1fV =
n n max o) n

(V__. -V )/2 then the time for the voltage to reach one half of V is

max o max
simply n multiplied by the time per data point. This is Tl/2 usually, Vn
= (Vmax - Vo)/2 and in this case a straight line interpolation is made
between Vn and Vn-l to determine Tl/2 the thermal time constant is given

by T1/2 1n 2.

The slope of the curve is measured starting from Vo and usually taken
over the first 100 microseconds. When WOrking with the well-behaved SCD
10383's, we §imply take the voltage difference between Vo and V20 (this
assumes a data acquisition rate of 5 microseconds per point) and divide by 100
microseconds. This, of course, is not exact, but is sufficiently accurate for
comparative measurements. When testing the detonators, however, the poor
signal to noise ratio makes this method unacceptable. Therefore, linear

regression was applied to the first 20 data points to determine the slope.

3.3.3 Thermal Transient Test SCD 10383

Preliminary testing indicated that a 20 mA pulse would produce a good
response curve and, therefore, the first test segment was conducted at this
level using a pulse length of 16 ms. Data were taken at a rate of 50
microseconds/point and the initial slope was evaluated over the first 500

microseconds. This first sequence comprised test numbers 1000 through 1100.

At the conclusion of the first sequence we decided that the data
acquisition rate should be increased to improve resolution. This allowed us
to observe the beginning of the pulse in greater detail and better define the
starting portion of the thermal rise. Also, we were able to reduce the time

period over which the initial slope was evaluated.

The 25 mA tests (Nos. 2002 through 3100) and the 30 mA test (Nos. 3001
through 3100) were conducted using a 16 ms pulse with a data acquisition rate

of 5 microseconds/point and an initial slope of 50 microseconds.

3-6
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3.4 ENERGY TO BURN OUT BRIDGEWIRE

Using the SCD 10383 devices, tests were conducted to see if a correlation
could be estéblished between thermal transient response and energy required to
burn out the bridgewire. The Pasadena thermal transient test set was used to
measure initial resistance and to supply the current pulse for these tests. but
separate circuitry was employed to monitor bridgewire current and voltage. A
low resistance was inserted in series with the test device and the voltage
across it was used to monitor current. At the same time the voltage across

the test device was determined so that power could be calculated.

Energy delivered to the bridgewire was found by integrating the power
from the beginning of the pulse to bridgewire failure. A trapezoidal
approximation was used employing the sampling rate, 5 microseconds, as the

interval.

3.5 THERMAL TRANSIENT TESTS PA-506 AND M-100 DETONATORS

Thermal transient tests on the PA-506 and M-100 detonators were all
conducted using 60 mA pulses 16 ms long. The data requisition rate was 5
microseconds/point. Thermal response of the detonators is quite low compared
to the SCD 10383's and, consequently, the signal to noise ratio is much
poorer. To obtain a meaningful measure of the initial slope it was necessary
to increase the evaluation time to 100 microseconds. Tests performed this way

constitute Series I which includes the following:

PA-506 Nos. 8151 through 8204%*
Nos. 8555 through 8640

M-100 Lot 098 Nos. 8305 through 8354%*

M-100 Lot 069 Nos. 8361 through 8410%*

At the conclusion of the Series I test the data were evaluated and we
decided that the initial slope could be defined better by performing a linear

regression over the 20 points which make up the first 100 microseconds. All

*Most of these items were expended in the second set of Bruceton tests.

3-7

ﬂﬂﬂi Franklin Research Center

A Division of The Franklin Institute



F-C5174

of the Series II tests were done in this manner. Series II consists of only

one test: PA-506, Nos. 8591 through 8640.

Series III tests are the same as Series II except that the data
acquisition has been further automated. In Series III the computer program is
able to determine the beginning and the maximum of the response curve instead

of having them entered by the operator. Series III comprises the following:

PA-506 Nos. 8641 through 8690

Nos. 8891 through 8940

M-100 Lot 098 Nos. 8891 through 8940

Nos. 8841 through 8890

M-100 Lot 069 Nos. 8741 through 8840
3-8
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4. FUSE TESTING PROGRAM

4.1 GENERAL

The fuse being tested is actually a system compoment of a current weapon
system. It is a fully enclosed element with the appearance of a detonator.
The fuse testing program included an evaluation of the electrothermal tester.
- The complete program for the fuse and tester is contained in Appendix A. To
keep them in order, each of the 1000 fuses was placed in a coin envelope and
given a number. Items tested nondestructively could be placed in the envelope

and retrieved for further examination if necessary.
4,2 TESTING OF FUSES
4,2.1 Preliminary Tests

Preliminary evaluation included determining what current levels may be
used to test the fuses without permanent effect on performance, checking

adherence to equations and generally examining fuses.

This fuse was found to withstand about 30 mA without adverse effect. At

35 mA, one fuse opened on the 7th pulse.

It was found, by repeated exposures on the same fuse at increasing
currents that the thermal time constant ( T ) increased, the heat loss factor
" ( y ) decreased and that the system heat capacitance (Cp) maximized and then

decreased. (See Table 4-1)

The supposition that y and Cp are constants in this particular instance
is apparently unfounded unless there are serious changes in the fuse bridge

wire system as pulses are repeated.

The apparent lack of conformance of observed data to the equations is
really of little consequence to the ultimate value of the test. Generally,

nondestructive testingwill be done utilizing only one value of test current,

[][l[lﬁ Franklin Research Center
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Table 4-1.

Analysis of Thermal Pacameters 4s a Fanction of

Current (Fuse No. 998)*

F-C5174

Thermal
Initial Maximum Time Temperature Heat
Current Resistance Voltage Constant Slope Rise Capacity

(mA) (R) (V) (1) (s) (o) (C)

20 7.403 18.4 256 48 36.6 0.92
81.01

25 7.412 15.0 241 48 23.8 0.60
195.0

30 7.450 91.2 360 192 120.0 3.04
55.8

30 7.450 90.4 360 192 120.0 3.04
55.8

35 7.450 23.7 567 320 267.0 6.77
34.1

35 7.450 23.4 558 320 263.0 6.67
34.6

* These calculations were performed with a calculator.
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thereby narrowing any effects introduced by the apparent theoretical anomolies

observed.

Repeated tests for initial resistance (Ro) using clip leads to connect
the fuse to the ND tester, show that firm connection to the item under test
is necessary. We finally used a zero-insertion-force IC socket to establish
good connections and continued using this method of connection throughout the

remaining tests on fuses.

4.2.2 TFuse Testing for the Record

Appendix B gives detailed results on electrothermal testing of fuses.
Histograms were made of each variable as shown in Appendix C (Phases 1.1 and
1.2 of Test Plan). For 25 mA tests, Ro was well behaved and all values fell
within 3 standard deviations of the mean. Maximum voltage values (Vm)
revealed that 4 of maximum temperature values were more than 3 o greater than
the mean. One thermal time constant ( t ) value was more than 3 o greater
than the mean. Six valués of 300 of the initial slope (S) values were more
than 35 greater than the mean. Two temperature values were 3¢ greater than

the mean. Seven heat loss values were more than 3¢ greater than the mean.

If all of those fuses greater than 3¢ from the mean were discarded, then
less than 10% of the samples would have been eliminated. Even if the "bad"
items were actually usable, this would be of little consequence compared to an

accident or a dud.

The 20 mA test revealed very little about the fuses. Only about 4 of 100
fuses tested were outside the 3 ¢ limits on all variables. The 20 mA test may
be well into noise level thereby limiting the ability to discern problems by

electrothermal testing.

Tests were also made at 30 mA. While some additional signal over noise
was noted, it is believed that 30 mA is too close to the excitation level

where some items would be permanently changed by the test current.
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These tests completed our examination of the items. Remaining to be
done, and most difficult to deduce is the meaning of these tests with

respect to fuse quality.
4.2.3 Destructive Testing

Samples from each of the three groups of devices that were tested
nondesructively were exposed to current levels almostcertain to open the fuse,
nominélly 40 mA. Two primary parameters were measured during current
application, both relating to fuse opening. These were energy to open and

time to open.

To test the linear correlation of NDT-measured and computed variables
among themselves and with the opening times and opening currents, a computer
program was applied to determine correlation coefficients. The data for three
NDT test currents and correlation matrices for these three conditions are

given in Appendix D.

The correlation matrices at the end of Appendix D are an extremely
powerful means of comparing the destructive parameters (energy-to-break and time-
to-break) with the nondestructive parameters determined earlier. The
coefficients were examined and those showing absolute values of 0.4 or
greater were recorded in Table 4-2. This table shows parameters 1l (energy to
open) and 12 (time to open) in terms of Ro (initial resistance), Vm (max
voltage), 1 (thermal time constant), S (initial slope) and @ (temperature)

for the three groups of data representing NDT currents of 20, 25 and 30 mA.

A correlation coefficient of 1 is perfect, O indicates no correlation and
-1 is perfect, but negative. All values in this table are negative, meaning

that time and energy to break decrease as the other measured values increase.
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Variable

11 Energy
to open

12 Time to
open

11 Energy
to open

12 Time to
open

11 Energy
to open

12 Time to
open

Comparison of Correlation Coefficieats

Table 4-2.

Initial Maximum
Resistance Voltage
(R) (V)
-0.6566 -0.5892
-0.6945 -0.5799
-0.4887 -0.5112
"0.4971 _005056
-0.5623 -0.4568
-0.5411 -0.4374
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Thermal
Time Temperature Test
Constant Slope Rise Current
() (s) (v) (mA)
-0.03 -0.6616 -0.4371 20
-0.05 -0.6347 -0.4768
-0.09 -0.5505 -0.4747 25
-0.010 -0.5441 ~0.4648
-0.4020 -0.4062 -0.4084 30
-0.4075 -0.4187 -0.4187
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Some tentative conclusions concerning fuse performance can be derived

from these correlated data:

R, - initial resistance is a fair measure of break time and energy to
break.

Vp - max. voltage - is also a good measure of these parameters.

T -~ thermal time constant - is poor for test currentsof 20 and 25 m\

but a marked improvement shows at 30 mA.

§ - the initial slope - correlation is good at low test currents and
degrades for higher test currents.
One problem with the analysis is that linear correlation was used
throughout. A few non linear methods were tried that indicate better fit to a
power curve, i.e. a log-log plot. Unfortunately, time prohibited the

treatment of these data in log-log terms.
4.2.4 Extraordinary Waveforms

Allowance was made in the test plan for any waveforms that were different
in basic shape. Items showing such waveforms were to be culled and
subsequently examined with the purpose of determining the reasons for

departure from the norm.

Figure 4-1 illustrates a normal response as displayed on an oscilloscope
and an extremely high response. After removing the fuse case, the fuse giving
a high response, looks like the one in Figure 4-2. Not all normal fuses look
as good as the one giving a normal response and shown in Figure 4-3. Some
devices show extremely low responses (Figure 4-4). These look like the

photomicrograph of Figure 4-5 when dissected.

The distance from the plane of the header face to the wire play an

important role in determining whether the response is high or low.

One of the most important findings of the entire fuse testing program is
demonstrated in the oscillogram of Figure 4-6. Note that the response of this
fuse is not high or low but of an entirely different shape. Reﬁember, at the
time this oscillogram was taken there was no way of viewing the bridgewire
itself. Removal of the outer case revealed the bridgewire shown in the

photomicrograph of Figure 4-7. Expulsion during welding caused several metal

4=6

Uﬂﬂﬁ Franklin Research Center

A Division of The Franklin Institute



= Project

Page
P = 03G-C5174
|l/Ll Franklin Research Cente:

A Division of The Franklin Institute
The Benjamin Franklin Parkway, Phila., Pa. 19103

Title

EVALUATION OF ELECTROTHERMAL MISFITS

High Extreme Response
Test 2099

Normal Response
Test 2134

cBeoooms

Figure 4-1 Thermogram of High-Response Fuse With Normal-Response Fuse

FORM 207-10M-4-74-CP



Project Page
”I— 03G-C5174

U Franklin Research Cente -

A Pyision of The Frenkdin Institute EVALUATION OF ELECTROTHERMAL MISFITS

Title

Figure 4~2 Plan and Elevation Views of High-Response Fuse

FORM 207-10M-4-74-CP 4-8



‘(‘%-u Project Page
o

= 03G~C5174

””l.l Franklin Research Cente.

A Division of The Franklin Institute
The Benjamin Franklin Parkway, Phila., Pa. 19103 EVALUATION OF THERMAL MISFITS<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>